Essential oil from leaves of Nemuaron vieillardii (Baill.) Baill., a shrub used in the kanak pharmacopeia, was analyzed by gas chromatography and combined gas chromatography-mass spectrometry. The main compounds identified were safrole (49.7%), linalool (8.0%), δ-cadinene (5.1%), caryophyllene oxide (4%) and α-copaene (2.4%). This chemical composition is consistent with leaf oils of the Atherospermataceae family and demonstrates the proximity of the two genera Nemuaron and Atherosperma as regards to their essential oil compositions. The modified Larval Packet Test (LPT) was used to assess acaricidal effect of N. vieillardii essential oil on larvae of the cattle tick Rhipicephalus (Boophilus) microplus and LC 50 was then calculated to 14.67%. High content of safrole in this oil which is suspected of being a human carcinogen, poses the problem of the use of this oil in a perspective of development of alternative tick control strategy and in the traditional medicinal consumption of Nemuaron vieillardii.
Nemuaron vieillardii (Baill.) Baill. is an endemic tree species from New Caledonia belonging to the monophyletic genus Nemuaron of the Atherospermataceae family. This tree is widespread in the rain forest of average altitude through the main island of New Caledonia where it is locally called "bois Pernod" or "arbre absinthe" because of the aniseed aromatic smells of these leaves and bark. This species is used in the kanak pharmacopeia as tonic, stimulant and abortifacient as well as to treat back pain, sore kidneys, lung congestion and paralysis [1] .
Previous phytochemical studies have shown that leaves and barks of Nemuaron vieillardii contain benzylisoquinoline and bis benzylisoquinoline alkaloids [2] which are alkaloid classes that occur in, and make links to, the other genera of the Atherospermataceae family [3] . Phylogenetic studies of this family demonstrate that the two genera Nemuaron and Atherosperma form a well-supported clade [4] . Leaf essential oils of the subspecies of Atherosperma moschatum Labill. contain the phenylpropanoid methyl eugenol as major compound [5] which is further known to have broad acaricidal activities [6a-6c] . Phenylpropanoids have moreover specific activities against the ticks Rhipicephalus (Boophilus) microplus [7a-7c] which represent the main constraints to cattle breeding in New Caledonia. In our ongoing research to find potential bioacaricides from indigenous plants from New Caledonia [8] , we investigated in this study, the chemical composition of essential oil from leaves of Nemuaron vieillardii in order to find phenylpropanoid rich oils with acaricidal activity against the cattle tick Rhipicephalus (Boophilus) microplus.
Leaves of Nemuaron vieillardii were collected in the rain forest of Dogny plateau and produced an oil isolated in 0.33% yield (w/w) based on fresh material. Sixty-four components were identified by gas chromatography and combined gas chromatography-mass spectrometry ( Table 1) corresponding to >92% of the total composition. The oil was dominated by phenylpropanoid (49.8%) and sesquiterpenoid (32.4%) compounds. The main compounds identified were safrole (49.7%), linalool (8.0%), δ-cadinene (5.1%), caryophyllene oxide (4%) and α-copaene (2.4%). This chemical composition is consistent with previous reported studies about leaf oils of the Atherospermataceae family. Indeed, safrole had already been identified in species of this family, viz. Atherosperma moschatum (5-20%) [5] , Laureliopsis philippiana (96.92%) [9] , Laurelia sempervirens (31.43-82.41%) [10a-c] and Doryphora sassafras (15-30%) [11] . Furthermore, linalool was also identified in the same proportion in Atherosperma moschatum (1-6%) demonstrating the proximity of the genera Nemuaron and Atherosperma as regards to their essential oil compositions. The oil of Nemuaron vieillardii was however differentiated by the absence of significant quantities of other phenylpropanoids such as eugenol, methyleugenol or isoeugenol which could sometimes occur in Atherospermataceae oils.
The modified Larval Packet Test (LPT) was used to assess the acaricidal effect of N. vieillardii essential oils on 14-to 21-dayold larvae of the cattle tick Rhipicephalus (Boophilus) microplus. Mean mortality of oil dilution from 50 to 0.6% in ethanol and calculated LC 50 are presented in Table 2 . The N. vieillardii leaf oil as well as positive controls (Deltamethrin and Amitraz) exhibited 100% of mortality for the first dilution (50%). Oil was inactive at 5% dilution and LC 50 was then calculated to 14.67%. This result is consistent with the acaricidal activity against R. microplus observed with oil of Piper xylosteoides (LC 50 = 6.15 mg/mL) which contains comparable amount of safrole (47.83%) [7b] . Activity was then attributed to phenylpropanoids in general and safrole in particular. Fractionation of essential oil by gel chromatography led us to isolate safrole as pure compound which was then evaluated against larvae of R. microplus to confirm its bioactivity. No activity was however observed at 18% dilution for safrole meaning that leaf oil activity is not limited to the presence of safrole but that some terpenic synergistic mechanisms are involved. Synergisms between natural products from essential oils are frequent in many biological activities [12a-12c] . Moreover, the various mechanisms activated by mixtures of natural products implicate a multi-target approach that can slow resistances. The essential oil efficiency (EOE), calculated as the ratio of extraction yield/LC 50 , was 0.02 for N. vieillardii leaf oil (0.33/14.67). Other species from New Caledonia especially conifers were more suitable for a future development as new source of natural acaricides with EOE 200 fold higher [8] . The oil of N. vieillardii furthermore does not present a safe toxicological profile for human or animal health because of the presence of a high content of safrole. This molecule is reasonably anticipated to be a human carcinogen on the basis of hepatocellular carcinoma development in experimental animals due to the formation of DNA adducts of reactive metabolites, specifically the 1′-sulfoxy metabolites [13a-13b] . Thus, the Food and Drug Administration banned since 1960 in US the use of safrole as a food and flavoring additive. This fact cannot be ignored in a perspective of development of alternative tick control strategy associated with a high safety profile.
The risk, moreover, associated with consumption of safrole must also be of concern with the traditional use of Nemuaron vieillardii. If this traditional consumption of plant can identify acute toxic effects of natural products, the long-term toxicity and particularly carcinoma development years after exposure are not so obvious. In the case of areca nuts, which contain high levels of safrole, epidemiologic data show that consumption of areca nuts increases the incidence of oral and esophageal cancer as well as hepatocellular carcinoma [14a-14c] . In the same way, we would like to alert public health authorities of New Caledonia to the presence of potentially toxic substances in Nemuaron vieillardii and of the importance of a survey for protection of the traditional users from potentially harmful effects as genotoxicities.
Experimental
Plant material: Leaves of Nemuaron vieillardii [NL162] were collected under scientific research authorization N°2188-2010 of South Province at plateau de Dogny 21.62068°S, 165.87166°E. alt: 774m, and lodged in the IRD herbarium, New Caledonia. Collected plants were shrubs of 1 m high in a rain forest of average altitude on volcanic sandstone. All leaves used for extraction were collected from adult plants with a gradation in the size of leaf, which was assumed to relate to the age of the leaf and/or the leaf position within the seasonal growth flush and were not treated differently.
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Isolation of oils:
The essential oils were produced by hydrodistillation of lots of 200-300 g of fresh leaves using a Clevenger-type apparatus for 8 h. After decantation, the oils were dried over anhydrous sodium sulfate and stored in dark vials in a fridge at 4°C.
Component identifications:
Analytical gas chromatography (GC) was carried out on a Shimadzu GC17A gas chromatograph with a BP-20 column (60 m x 0.25 mm x 0.25 μm), which was programmed from 50-220ºC at 3ºC/min with helium as the carrier gas. Injector and detector were both set at 220ºC. GC integrations were performed on a SMAD electronic integrator. GCMS was carried out on a Shimadzu GCMS-QP5000 mass spectrometer operating at 70 eV ionization energy. The GC column used was a BP-20 (30 m x 0.25 mm x 0.25 μm) programmed from 35 to 220ºC at 3ºC/min with helium as the carrier gas. Injector temperature was 250°C. Mass spectra were recorded in electron impact (EI) mode at 70 eV, scanning the 41-450 m/z range. Interface and source temperature were 250ºC and 220ºC, respectively, with 1 scan/sec cycle time. Compounds were identified by their GC retention time and retention indices relative to n-alkanes [15a-i] and by comparison of their mass spectra with published spectra [16a-e] .
Safrole:
A pure sample of safrole was isolated from essential leaf oil of N. vieillardii by gel flash chromatography (63-200 µm; 4×30 cm, Merck) eluted with cyclohexane.
Preparation of ticks:
A R. microplus breeding is in use in IAC on calves and engorged ticks females are collected after detachment from animals. Ticks were washed with water and dried using paper towels. The average weight of the ticks was 0.19 g. The females were incubated at 27 °C and 85 % RH for 1 week. Eggs were then collected and placed in the same conditions until larvae were 2-3 weeks old. The strain was sensible to deltamethrin and amitraz.
Larval Packet Test: The modified LPT [17] was used to assess the acaricidal effect of essential oil on 14-to 21-dayold larvae. A 7.5×8.5 cm nylon paper (Anowo ltd) were impregnated and placed for 15 min in a fume hood to allow ethanol evaporation before being folded into packets using bulldog clips. Approximately 100 R. microplus larvae were placed into each treated nylon paper packet, which was then sealed with additional bulldog clips and placed in an incubator (27 °C, 85 % RH) for 24 h. Three replicates and a control (nylon paper with ethanol) were used. After exposure, the numbers of live and dead larvae were counted to calculate the percentage of larval mortality. Mean mortality of oil dilution from 50% to 0.6% in ethanol was carried out.
Statistical analysis:
The 50 % lethal concentration (LC 50 ) for each formulation was calculated by the probit method [18] , generated by the Probit POLOPC program (LeOra Software, 1987, Berkeley, CA, USA) .
